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SHUIRUPDQFH XVLQJ VDWXUDWHG ZKHDW VWUDZ ZDV SURSRVHG 7KLV VWXG\ UHSUHVHQWV D IXQGDPHQWDO UHVHDUFK ZKLFK
MXVWLILHV WKURXJK D FRPSOH[PHWKRGEDVHG LQYHVWLJDWLRQ WKH EHQHILFLDO FRQWULEXWLRQ PDGH E\ SODFLQJ VWUDZ LQ D
VDWXUDWHGVROXWLRQ
,QWKHFRQVWUXFWLRQILHOGFOD\VDUHGHILQHGDVELQGHUVDSRZGHU\VXEVWDQFHWKDWZKHQPL[HGZLWKZDWHUIRUPVD




FRQWUDFWLRQ DQG FUDFNLQJ 7R HOLPLQDWH WKLV GUDZEDFN VWDELOL]LQJ FOD\V E\ SK\VLFDO DQG FKHPLFDO PHWKRGV LV
VXJJHVWHG6WDELOL]LQJE\SK\VLFDOPHWKRGVFDQEHPDGHZLWKGHJUHDVHUVWKURXJKK\GURSKREL]DWLRQDQGFRPEXVWLRQ
:KHQ XVLQJ FOD\ DV D EXLOGLQJ PDWHULDO WKH VWDELOL]DWLRQ PHWKRG ZLWK GHJUHDVHUV LV UHFRPPHQGHG 7KH PRVW
FRPPRQO\XVHGGHJUHDVLQJPDWHULDOVDUHVDQGILUHEULFNDVKZKHDWVWUDZULFHKXVNVHWF>@
,Q WKH SUHVHQFH RI GHJUHDVHG SDUWLFOHV VXFK DV ZKHDW VWUDZ WKH ZDWHU ILOPV IURP WKH FOD\ SDVWH DUH UHGXFHG
OHDGLQJ WR UHGXFHGSODVWLFLW\ DQG WKXV WR UHGXFHGGU\LQJ VKULQNDJH7KH DPRXQW RI GHJUHDVHGPDWHULDO KDV WREH
PHWHUHG LQ RUGHU WR UHGXFH SODVWLFLW\ EXW DW WKH VDPH WLPH WR NHHS D FRQYHQLHQWZRUNDELOLW\ WKDW FDQ HQVXUH WKH
SRVVLELOLW\RIFRPSDFWLRQ>@
7KH UHVXOWV REWDLQHG LQ WKH SUHYLRXV VWXGLHV KDYH VKRZQ WKDW VWUDZ FUHDWHV LQKRPRJHQHRXV VWUXFWXUHV LQ FOD\




















)RXU UHFLSHV ZLWK VDWXUDWHG VWUDZ ZHUH PDGH :H XVHG WZR W\SHV RI FOD\V FRPPHUFLDOL]HG FOD\ DQG FOD\
H[WUDFWHG IURP WKH UHJLRQ RI 1ăVăXG 7KHVH UHFLSHV ZHUH FRPSDUHG ZLWK WKRVH DQDO\]HG LQ WKH UHVHDUFK*UHHQ
SODVWHULQJPRUWDUVEDVHGRQFOD\DQGZKHDWVWUDZZKHUHVWUDZZDVLQWURGXFHGGU\
&OD\V DUHK\GURDOXPLQRVLOLFDWH FRPSOH[HVZLWK YDULDEOH FKHPLFDO FRPSRVLWLRQ DQG VSHFLILF SK\VLFDO VWUXFWXUH
PDGHRI ODPHOODUSDUWLFOHVZLWK WKHGLPHQVLRQVEHWZHHQ WRPLFURQV&OD\VDUHPRVWO\PDGHIURPPL[WXUHVRI
K\GURDOXPLQRVLOLFDWHVKDYLQJWKHJHQHUDOIRUPXODP6L2࢓Q$O2࢓S+2>@
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105PHDVXUHPHQWV RI WKH VDPSOHVZHUH SHUIRUPHG XVLQJ D PTPLQLVSHF%UXNHUZRUNLQJ DW 0+]7KH
WHPSHUDWXUH RI WKH VDPSOHV ZDVPHDVXUHG GXULQJ WKHPHDVXUHPHQWV DQG LW ZDV &2QHGLPHQVLRQDO SXOVH
































WKH DSSHDUDQFH RI WKH IRXUWK GULSSLQJ )LJ  D FDQ WHOO WKH GLIIHUHQFH EHWZHHQ WKH WZR W\SHV RI FOD\V WKH RQH


















VDWXUDWHGDQG WKHQSODFHG LQ WKHPRUWDU WKH\SRVLWLYHO\ LQIOXHQFHG WKHYDOXHVRI IOH[XUDODQG WHQVLOH UHVLVWDQFH WR
















7KH HIIHFW RI VDWXUDWHG VWUDZ LV SRVLWLYH ERWK ZKHQ WKH VWUDZ KDV D VL]H EHWZHHQ  FP DQG ZKHQ LW ZDV
FKRSSHGPHFKDQLFDOVWUHQJWKVKDYLQJH[SHULHQFHGVLJQLILFDQWLQFUHDVHV
,QKRPRJHQHLW\ JLYHQ E\ SODFLQJ VWUDZ LQ PRUWDUV DQG REVHUYHG LQ 05, WHVWV LV RIIVHW E\ WKH SRVLWLYH HIIHFW
VDWXUDWHGVWUDZEULQJV
6LQFHWKHVWXGLHGPDWHULDOLVDSODVWHULQJPRUWDURQHRIWKHHVVHQWLDOFRQGLWLRQVLVWRDYRLGRUOLPLWWKHFUDFNVRQ
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